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TOM TAT

Téng hop tiéng néi bang phuong phép
théng ké M6 hinh Markov &n (HMM) da tr&
nén phé bién trong nhitng ndm gén day va
hédu hét duoc thuc hién trén may tinh cé
nhéan (PC). Bé c6 thé trién khai trén thuc té
hiéu qua thi hé théng phai duoc thuc hién
trén mot hé théng nhung cu thé. Bai bao nay

trinh bay phuwong phép téng hop tiéng noi
trén nén DSP (digital signal processing).
Bang céc phuong phap tbi wu héa, chét
lwong tiéng néi tao ra va thoi gian xi ly trén
board DSP c6 chét luong tuwong duong véi
téng hop tiéng néi trén méy tinh cé nhéan.

Tor khéa: Chuyén tir vdn ban sang tiéng néi tiéng Viét, mé hinh Markov an, xt ly tin hiéu sé

MO DAU

Phuong phéap théng ké sb trong tong hop
tiéng noi dpa trén M6 hinh Markov an
(HMM) da tré nén phd bién trong nhimg nim
gan day. Trong phuong phap nay cac md hinh
HMMs duoc trich xuét tir tiéng n6i tu nhién nén
ta c6 thé xay dung duoc md hinh HMM cho bét
ky ngdn ngir nao. Sau do tiéng noi dugc tong hop
tir chinh cac mé hinh HMM nay. Viéc sir dung
HMM gilp ta téng hop duoc nhiéu giong néi véi
nhitng cam xdc khéc nhau ma khéng can mot co
so dir ligu 16n thong qua diéu chinh céc théng s6
ctia md hinh nhu 14 thong s phé, théng sb kich
thich, hay d6 dai &m. Trong pham vi bai béao
nhém tac gia s dung mé hinh HMMs cho tiéng
no6i phuong nam, vai tan sé lay mau 1a 48Khz, va
dugc huan luyén bai Phong thi nghiém Tri tué
nhén tao ( AlLab) Truong DPai hoc Khoa hoc Tu
nhién, PHQG-HCM).

Bai b&o thuc hién hts_engine trén board
DSP(DM642 EVM), hts_engine la phan mém ma
ngudn mé cua Hoc vién Ky thuat Coéng nghé
Tokyo, ding dé tao ra ma PCM tir ca&c md hinh
Markov an véi dau vao la van ban.

Board DM642EVM c6 bo xir ly trung tam la
chip DM642, chip DM642 dua trén chip xu ly
C64x thuéc ho C600. Chip DM642 c6 16Kbyte
cache L1P(level-1 program), 16Kbyte cache
L1D(level-1 data), 256Kbyte cd thé lam bo nhé
trong(IRAM) muc 2 hodc cache muc 2. Board
DM642EVM c6 64 Mbyte SDRAM va 4 Mbyte
bo nhé flash, bo giai ma &m thanh AIC23B stereo
codec, giao tiép may tinh bang céng JTAG. M4
PCM sau khi dugc tong hop sé dugc chuyén qua
AIC23B dé chuyén thanh am thanh.
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PHUONG PHAP
Tao tham s0

Hinh 1 cho ta cé&i nhin tong quan cua hé
thong [4]. Trong phan huan luyén, cac thong sb
kich thich, théng sé phé dugc trich xuit va dugc
mo hinh héa. Trong phan tong hop cac md hinh

HMM dugc chon loc va ghép néi dua trén doan
vin ban can dugc tong hop. Sau d6 cac théng sd
kich thich va thong s6 phd duoc tao ra bai thuat
toan duoc trinh bay trong [1-3].
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Hinh 1. Téng quan hé thong HTS.
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Hinh 2. So d thyc hién hts_engine trén DSP board( DM642EVM).

Ma chuong trinh dwgc dwa vao IRAM, di
liéu yéu cau kich thuéc bo nhé 16n nén duoc dat
trén SDRAM. Co s¢ dit liéu load tir may tinh
xudng SDRAM. Co sé dit liéu chira cac tham sé
cua cac mo hinh Markov an da duoc huan luyén.
Trude khi duoc t6i wu hoa, @& HTS engine c6 thé
hoat dong trén board DM642 EVM, quéa trinh
hoat dong cuia chuong trinh can thay ddi so véi
chuong trinh gbc. Nguyén nhan cua viéc phai
thay d6i la do thoi gian téng hop tirng mau PCM
trén board DM642 EVM lén hon chu ki 14y mau
cua tin hiéu.

Tan sb ldy mau duoc thiét 1ap bang 48 Khz, chu
1

ki 14y mau la 48000 5. M3 chwong trinh gbc phat

timg mau PCM ngay sau khi n6 duge tong hop.

V6i ma chuong trinh goc, khi hoat dong trén may

tinh, thoi gian dé tong hgp mét mau PCM it hon
1

48000 s, nhung khi chay trén DM642 EVM thoi
1

gian téng hop nhiéu hon 48000 s Ppidu do giai
thich tai sao chuong trinh ban dau c6 thé chay
dugc trén may tinh nhung khong thé cho ra két
qua nhu y trén board DM642 EVM. Dé ¢6 duoc
két qua nhu ¥, ta cho chuong trinh phat tin hiéu
PCM sau khi tat ca cac mau PCM da duoc tong
hop va dugc luu vao mot bo dém. Theo so dd
Sau:
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Hinh 3. Luu dd thue hién HTS trén PC

Két qua: tin hiéu PCM tao thanh trén Board
DM642 EVM giéng véi tin hiéu PCM tao thanh
trén may tinh. Tiéng n6i phét ra tir board DM642
EVM gidng vai tiéng néi tong hop duoc trén may
tinh. Thoi gian téng hop ra tin hiéu PCM trén
board rat lau so vai thoi gian tong hop trén may
tinh. Str dung mot label file tiéng Anh co do dai
twong duong 2s thi: thoi gian thuc hién chuong
trinh tir 1Gc bét dau dén IGc phat chudi PCM 1a 1
phat 35 gidy; thoi gian tong hop state stream,
parameter stream, tong hop tin hiéu PCM la 42
giay.

Chuong trinh chay cham do ba nguyén nhén
sau: Dir liéu dat trong SDRAM c6 tée do truy
xuat cham; tap lénh cua chip DM642 khong hd
trg cac phép toan giira cac s6 kiéu dau chdm dong
(floating point); co s¢ dir liéu duoc tai tr may
tinh xubng SDRAM cua board bing cong JTAG
c6 tdc do cham.

Tbi wu hoa

Khi hoat dong doc lap, co s¢ dir liéu sé duoc

dat trén bo nhé cua board, khong ton thoi gian tai

Load co s& dit ligu

i

Load label file

1

Téng hop state
stream wa
parameter stream

4

Téng hop tin hidu PCM

4

Phat PCM

Hinh 4. Luu dd thue hién HTS trén board DSP

tir may tinh xuéng, xem nhu nguyén nhan thir ba
da duogc giai quyét. Vi vay hai nguyén nhan dau
can duoc wu tién khic phuc. Dé ting toc do truy
xuat dir liéu, mot phan IRAM con tréng duoc
chuyén thanh Level-2 cache 32 KB 4-way, di
liéu trén SDRAM s& duoc map vao Level-2
cache. Bén canh d6, b6 DMA duoc sir dung dé
truyén nhanh mét sé dix liéu [5, 6].

Dé t6i uu hoa tec do xir ly dir liéu, can thay
cac phép toan gitta cac dir lieu kiéu dau cham
dong thanh céc phép toan giira cac dit liéu diu
cham tinh. Qua trinh tén nhiéu thoi gian 1a qua
trinh tong hop cac mau PCM, vi vay ta &p dung
phuong phép trén ¢ qua trinh nay: Sau khi tong
hop chudi trang thai (state stream) va chudi tham
s6 (parameter stream), chuyén cac dir liéu dang
dau chdm dong (floating-point) thanh dang du
chiam tinh (fixed-point), dinh dang Q20 (20 bit
biéu dién phan sau dau chdm). O phan tong hop
tin hiéu PCM, céc phép toan cua dau chim dong
dugc thay thé biang cac phép toan cua diu cham
tinh.
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Co ban cua viéc thay thé kiéu dau cham dong
bang diu cham tinh dinh dang 1a tim céach biéu
dién s thuc bang mot sé nguyén. Cong thirc bién
d6i mot sb thuc thanh s nguyén dai dién cho sé
thuc dau cham tinh (dinh dang Q20) nhu sau::

y =xx2%

x: sb thuc can biéu dién

y: sb nguyén ding dé biéu din s6 thuc

Phép nhan vai 2% twong duong phép dich
trai 20 bits trong tap Iénh cua chip DM642

Vi du: hai s thuc 1 va 0.5 dau chdm tinh
Q20 s& dugc bién doi thanh sé nguyén nhu sau:

1->100...000(20 chir s6 0)
0.5->10...000(19 chit s6 0)

Dé thuc hién tinh toan, viéc xay dung thu
vién méi cho cac phép toan 1a can thiét. Phép
cong va phép trir gitra hai sé thuc kiéu dau cham
tinh gidng nhu phép cong va trir gira hai s6
nguyeén, vi vay do cling 1a phép cong va trir trong
tap 1énh cua chip DM642. Phép nhan giira hai s6
thuc diu chdm tinh Q20 khi biéu didn nhu sé
nguyén dugc thyc hién tuan tu bai hai phép toan
trong tap lénh nhu sau:

. ~20
X XXy —> Yy XY, 12
X1, Xo: hai sb thue dugc nhan vai nhau
Y1, Y2: hai s6 nguyén dung dé biéu didn
sb hai sb thuc

Phép toan dau tién 1a phép nhan giira hai s6
nguyén. Phép toéan thir hai la chia cho 2%, tuong
duong phép dich phéai 20 bits. Twong tw, phép
chia gitra hai s6 thirc ddu cham tinh duoc thuc
hién boi hai phép toan trong tap Iénh cua chip
DM642:

X XX, _)ylxzzo Y,

X1, Xo: hai s6 thuc duoc nhan véi nhau

Y1, Yo: hai s6 nguyén ding dé biéu dién s hai
sb thuc

Phép toan dau tién 1a phép nhan mot sé
nguyén véi 2%, tuong dwong phép dich trai 20
bits. Phép toan thtr hai 1a phép chia gitra hai s6
nguyén.

Luu y, dé két qua cua phép nhan va phép
chia hai sb thyc c6 sai s6 nho nhét, thir tw phép
toan phai dugc thyc hién nhu trén, khong nén
thay di thar ty thyuc hién cac phép toan.

Viéc xay dung cac ham sé hoc khac duoc
thuc hién dua trén bén phép toan co ban trén va
phép dich bit. Sau khi &p dung phuong phap
chuyén kiéu dir liéu dau cham dong thanh dau
cham tinh va st dung thu vién mai dugc xay
dung, téc do tong hop tin hiéu PCM da duoc cai
thién déng ké. Sir dung cting mot label file c6 do
dai twong duong 2s va 9s duoc két qua nhu sau:

Bang 1. Thoi gian téng hop tin hiéu PCM

Do dai label 2s 9s
Khdng cache va khong DMA floating pointed. 42s 390s
Co6 cache va DMA cho floating pointed. 16s 63s
Khong cache va khong DMA cho fixed pointed. 31s 2558
Co6 cache va c6 DMA cho fixed pointed. 1s 4s
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KET QUA

Dung bién d6i Fourier roi rac dé lay tan phd
cua tin hiéu. So sanh tan phé cua tin hiéu PCM
khi sir dung dir liéu kiéu dam chdm tinh va va tan
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Hinh 6. Phé cho fixed point

1000 4000 5000

Dé so sanh sy giéng nhau cua hai tin hiéu X
va Y, nguoi ta thuong sir dung khéi niém hé sé
tuong quan Pearson trong toan hoc théng ké. Hé
s6 twong quan Pearson [7] duoc tinh theo cong
thuc:

_cov(X,Y) _ EL(X — 1 )(Y — 4,)]

XY
OxOy OxOy

Dé so sanh su gidng nhau cua hai tin
hiéu X va Y, hé sé twong quan duoc tinh cu thé
nhu sau [7]:

D Y CIE O )
JE R0 Sy

phd cua tin hiéu PCM ban dau, ta thiy tin ph c6
dang rat giong nhau.

0 1000 2000 3000 4000 5000

k
Hinh 7. Phé cho floating point

Néu hé s twong quan cé gia tri nam trong
khoang 0.9 téi 1.0 nghia 14 hai tin hiéu rat giéng
nhau. Ap dung cong thire trén dé tinh hé s6 twong
quan tan phd tin hiéu tao thanh tir chwong trinh
gbc va tin hiéu tao thanh sau khi &4p dung cac
phép toan trén ddu chdm tinh, ta dwoc két qua
0.995. Vay, hai tin hiéu tao thanh c6 dang giéng
nhau. Trong thuc té, néu cam nhan bing tai s&
khong thiy c6 su khac biét gitta hai tiéng noi
trén.

KET LUAN

Tong hop tiéng néi ding md hinh Markov an
trén board DSP cho chét lugng tuong duong trén
méay PC. Nhung nhém tac gia van chwa khai thac
hét tinh nang va nhing céng cu hd tro tinh toén
trén board DSP. Do d6 chét lwong tiéng ndi va
tbc do xu ly trén board DSP van con cé thé duoc
cai thién.
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ABSTRACT

Text To Speech (TTS) using Hidden
Markov Model (HMM) has become popular
in recent years. However, because most of
such systems were implemented on
personal computers (PCs), it is difficult to
offer these systems to real applications. In
this paper, we present a hardware

implementation of TTS based on DSP
architecture, which is applicable for real
applications. By optimizing hardware
architecture, the quality of the DSP-based
synthesized speech is nearly identical to that
synthesized on PCs.

Keywords: Vietnamese Text to speech, hidden Markov model, digital signal processing
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